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Abstract 
Previous researches proposed a dynamic supply chain model, which consists of three model components; those are clients, 
manufacturers, and suppliers. The model provided a numerical method to determine suitable prices and delivery times of products 
through the iteration of both the modification processes of production schedules and the negotiation processes among the model 
components. This paper proposes an effective order selection method for suppliers to find a suitable order in a number of orders 
sent from the lower-layer organizations. Computational experiments were carried to evaluate the effectiveness of the proposed 
method by using a developed supply chain simulation system. 
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1. Introduction 
Supply chain management has been attracting 
attention as a means to improve the efficiency of the 
material and information flows among different 
organizations, such as raw material suppliers, parts 
suppliers, sub-assembly manufacturers, assembly 
manufacturers, and customers. As information 
technology has progressed, the trend has been toward 
even more flexible supply chains or dynamic supply 
chains. In the dynamic supply chain environments, each 
organization can change business partners and enter into 
profitable contracts [1-2]. 
Kaihara proposed a negotiation strategy with various 
methods such as multi-stage negotiation protocols and 
game theoretic approaches [3]. Nishi proposed the 
decentralized supply chain optimization method [4]. 
Most of the existing supply chain models consider the 
supply chains with the product inventories for make-to-
stock companies. However, the product inventories in 
the supply chains require the various kinds of additional 
cost for transfer, control, warehouse, and safety stock. 
The objective of present research is to establish a supply 
chain model without the product inventories for make-
to-order (MTO) companies. Some researches proposed 
negotiation strategies for MTO companies to estimate 
prices and delivery times of products [5-6]. 
Our previous research has proposed a two-layered 
dynamic supply chain model consisting of clients and 
suppliers as a basic dynamic supply chain model for 
MTO companies [7-8]. The model was extended to a 
three-layered supply chain model as a minimum model 
for multi-layered dynamic supply chains. It consists of 
three model components; clients, manufacturers, and 
suppliers [9]. The proposed supply chain models provide 
a numerical method to determine suitable prices and 
delivery times for ordered products through the iteration 
of the negotiation processes among the model 
components and through the modification processes of 
production schedules of suppliers and manufacturers by 
using genetic algorithms (GA) [10-11]. 
In a single modification and negotiation process, the 
individual supplier and manufacturer treat only one 
order selected by the FCFS (First-Come, First-Served) 
rule in order to keep the consistency among production 
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schedules, even if they receive more than one order at 
the same time from the lower-layer organizations. 
Suppliers and manufacturers may lose the chances to 
enter into a lot of contracts with the other lower-layer 
organizations, if a preceding order from a lower-layer 
organization requires both a short delivery time and a 
low price and it takes much iteration of the modification 
and negotiation processes to generate a suitable offer. 
The objective of this research is to propose an order 
selection method for suppliers to find a suitable order in 
a number of orders sent from lower-layer organizations. 
The reminder of this paper is organized as follows. 
Section 2 reviews the previous two-layered and three-
layered dynamic supply chain models. Section 3 
describes the order selection methods proposed in this 
research. Section 4 demonstrates experimental results. 
2. Previous supply chain models 
2.1. Two-layered dynamic supply chain model 
2.1.1. Model components  
The two-layered supply chain model consists of two 
components of suppliers and clients. The clients require 
products and send orders of products to all the suppliers. 
The suppliers generate offers for the orders and send 
them to the clients. The offers include the information 
about possible delivery times and bid prices of the 
products. It is assumed that the suppliers have enough 
raw materials, but no stock of final products. Therefore, 
the suppliers start manufacturing the ordered products, 
after the contracts are completed with the clients.  
The notations used in the paper are listed as follows: 
p Number of client. p = 1, 2, ..., P 
q Number of supplier. q = 1, 2, ..., Q 
n Number of order. n = 1, 2, ..., N 
g Number of contracted order. g = 1, 2, ..., G 
r Number of modification process of schedule 
Ncp,n Product required by client Cp 
Gsq,g Product contracted by supplier Sq 
Ocp,n Order from client Cp 
Fsq,p,n Offer from supplier Sq 
DTcOp,n Required delivery time included in order Ocp,n 
PCcOp,n Required price included in order Ocp,n 
DTsFq,p,n Possible delivery time included in offer Fsq,p,n 
PCsFq,p,n Bid price included in offer Fsq,p,n 
2.1.2. Negotiation processes between model components 
The following steps summarize the negotiation 
process between a client and suppliers. 
1. A client generates a new order and sends it to all the 
suppliers, when the client needs a product. 
2. Suppliers have production schedules consisting of 
contracted products. The suppliers add an ordered 
product to the production schedules and improve 
them by using the GA. Then, the suppliers generate 
offers sent to the client. The possible delivery time 
and the bid price included in the offer are estimated 
by the following equations. 
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where, 
CTsq,p,n Completion time of product which is 
manufactured by supplier Sq 
TCsq,p,n Total manufacturing cost including material 
cost and production cost for product 
RWsq,p,n Reward required for product 
PNsq,p,n Penalty cost of product due to delay of offered 
delivery time to ordered delivery time 
ΔPNsRvq,g Penalty cost due to delays of delivery times of 
contracted product Gsq,g (g=1,2, ..., G), if the 
addition of new product causes the delays 
kcp,n Penalty cost factor which represents penalty 
cost per unit time. It is included in order Ocp,n 
 
3. The client evaluates all the offers sent from the 
suppliers. When some offers satisfy the requirements 
on both the delivery time and the price of the product, 
the client accepts the most suitable offer. However, if 
no offers match with the order, the client relaxes the 
requirements and sends them to the suppliers. 
 
The negotiation process is repeated until one of the 
suppliers enters into a contract with the client or the 
client cancels the order. 
2.1.3. Profits of suppliers 
The actual price PCsAq,p,n and the actual delivery time 
DTsAq,p,n are different from the contracted price PCsCq,p,n 
and the contracted delivery time DTsCq,p,n, since the 
suppliers continuously modify their production 
schedules for newly ordered products. The actual price 
PCsAq,p,n is calculated by the following equation. 
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 (4) 
A supplier obtains a profit as shown in the following 
equation, when the supplier makes a contract with the 
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lower-layer organization and manufactures the ordered 
product based on the production schedule. 
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Suppliers improve their production schedules in order 
to obtain high profits by entering into contracts and 
reducing penalty costs, since suppliers increase their 
profits not only by receiving rewards for products but 
also by reducing penalty costs, as shown in Equation (5). 
2.2. Models for multi-layered dynamic supply chains 
2.2.1. Model components in middle layers 
Model components of the middle layers in the multi-
layered dynamic supply chain send the orders for the 
higher-layers and also send the offers for the lower-
layers. These components are named as manufacturers. 
A three-layered dynamic supply chain model was 
proposed as a minimum model for the multi-layered 
supply chains [9]. It consists of three components; 
suppliers, manufacturers, and clients. Manufacturers 
receive parts from suppliers, manufacture products, and 
deliver products to clients. Manufacturers have neither 
stocks of parts nor final products. Manufacturers 
generate both orders of parts for suppliers and offers of 
products for clients in consideration of production 
schedules of manufacturers.  
The notations are added as follows: 
h Number of manufacturer. h = 1, 2, ..., H 
j Number of manufacturing operation. j = 1, 2, 
..., J 
Lmh,n Part required by manufacturer Mh 
Omh,n Order from manufacturer Mh 
Fmh,p,n Offer from manufacturer Mh 
DTmOh,n Required delivery time included in order Omh,n 
PCmOh,n Required price included in order Omh,n 
DTmFh,p,n Possible delivery time included in offer Fmh,p,n 
PCmFh,p,n Bid price included in offer Fmh,p,n 
2.2.2. Negotiation processes among three components 
Suppliers and manufacturers require enough time to 
improve their production schedules by using the GA, in 
order to obtain profits by entering into contracts and 
reducing penalty costs. The existing researches proposed 
a concurrent scheduling algorithm in the negotiation 
process among the three-layered components [9]. 
Suppliers and manufacturers can modify their production 
schedules concurrently, and keep the consistency among 
the production schedules. 
A negotiation process among the three-layered 
components is summarized as follows: 
1. A client sends an order to all manufacturers. 
2. Manufacturers have been improving production 
schedules for a short time by using the GA. 
Manufacturers generate and send orders to all 
suppliers. The orders include required delivery times 
and required prices given by Equations (6) and (7). 
After sending the orders, manufacturers continue to 
improve their production schedules in consideration 
of the constraint given by Equation (8). 
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stn,j Starting time of manufacturing operation 
MCmh,p,n Production cost of product Ncp,n 
RWmh,p,n Reward required for product Ncp,n 
 
3. Suppliers improve their production schedules by 
using the GA until bidding times which have been 
determined by manufacturers and generate offers. 
4. After receiving the offers, manufacturers modify their 
production schedules by considering the constraint 
given by Equation (9). Manufacturers generate and 
send offers, which include possible delivery times 
and bid prices given by Equations (10) and (11). 
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where, 
CTmh,p,n Completion time of product in manufacturer 
Mh 
PNmh,p,n Penalty cost of product due to delay 
ΔPNmRvh,g Penalty cost due to delays of delivery times 
of contracted products in manufacturer Mh 
 
5. The client selects the most suitable offer in all the 
offers from the manufacturers. 
The negotiation processes are repeated until an offer 
from a manufacturer satisfies the order or the client 
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cancels the order. When the client accepts the offer, the 
manufacturer can enter into a contract with the supplier.  
3. Order selection method for suppliers 
This research proposes an order selection method for 
suppliers to find a suitable order in a number of orders 
sent from the lower-layer organizations. The following 
two approaches are considered in this paper; those are a 
rule-based approach and a scheduling-based approach.  
3.1. Rule-base approach 
As the rule-based approach, three typical heuristic 
rules are provided as shown in the following; those are 
the equalization of total processing times, the largest 
estimated slack times, and the largest estimated profits. 
These are called rule-based methods in this paper.  
3.1.1. Equalization of total processing times 
The suppliers select an order which is leveled of total 
processing times on manufacturing equipment. The 
following equation represents the variance of total 
processing times. The order with the smallest variance is 
selected as the most suitable order in all the orders.  
2
1
2
,,,
1)( tpttpt
J
tptV
J
j
jnpq  ¦
 
 (13) 
¦
 
 G
g
jnpqjgpqjnpq ptpttpt
1
,,,,,,,,,  (14) 
where, 
V Variance of total processing times 
tptq,p,n,j Total processing times 
ptq,p,n,j Processing time 
3.1.2. Largest estimated slack times 
The suppliers select the order which has largest slack 
time defined as margin before required delivery time. 
The following equation represents the estimated slack 
time of the ordered product.  
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where, 
T Current time 
3.1.3. Largest estimated profits 
The suppliers select the order which has the highest 
value of the estimated profit in all the orders. The 
following equation represents the estimated profit of the 
ordered product. 
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O
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3.2. Scheduling-based approach 
3.2.1. Parallel scheduling method 
In the case where a supplier receives more than one 
order at the same time, the supplier activates sets of 
schedulers for every single order. The supplier responds 
to the most profitable order for the existing production 
schedule and generates a proper offer for the lower-layer 
organization. This method is called a parallel scheduling 
method in this paper. An algorithm of the parallel 
scheduling method is summarized as follows. 
1. Making copies of the production schedule for every 
single order and putting manufacturing operations of 
the orders in the production schedules, respectively. 
2. Improving the production schedules at the same time 
until the earliest bidding time. 
3. Evaluating the estimated profit epf'q,p,n for the 
supplier by using the following equation. 
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3.1. In the case where there is any profitable order, 
the supplier selects an order with the highest value 
of the estimated profit and generates an offer for 
the selected order. When the supplier enters into a 
contract with a lower-layer organization, the 
existing production schedule is exchanged with the 
improved production schedule. 
3.2.  In the case where there is no profitable order, 
the supplier cancels all the orders. 
3.2.2. Distributed parallel scheduling  
When a lot of parallel scheduling processes are 
activated at the same time on a single computer, it may 
cause decrease in computational performances and each 
scheduler on the single computer is not able to improve 
production schedules sufficiently. This research provides 
a distributed parallel scheduling method, which carries 
out parallel scheduling processes on distributed 
schedulers implemented on different networked 
computers. Scheduling processes for every scheduler are 
divided as multithread processing on distributed 
computers in order to keep the computational capability 
of each scheduler for finding suitable production 
schedules instead of the number of schedulers. 
4. Computational experiments 
A prototype of computer simulation system has been 
developed for the two-layered and the three-layered 
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dynamic supply chains. The prototype system was 
implemented using networked personal computers. 
Suppliers, manufacturers, and clients were able to be 
implemented as agents on different computers. 
4.1. Evaluation of parallel scheduling method 
4.1.1. Comparison with the previous model 
Some experiments were carried out on a two-layered 
model consisting of two suppliers and a client. The 
supplier S1 represents the previous supply chain model 
which has a single scheduler using the GA. On the other 
hand, the supplier S2 represents the new model which 
has two schedulers using the GA. In the initial 
conditions, both the suppliers had same job-shop type 
production schedules which consisted of 10 resources 
and 10 contracted orders. After that, the client generated 
and sent 80 new orders to the suppliers continuously. 
Firstly, ten experiments were carried out on the same 
experimental conditions. Figure 1(a) summarizes the 
experimental results. The vertical axis shows the total 
profits of the suppliers. The bars on the figure represent 
the average values of total profits, and thin lines on the 
bars represent the standard deviations of total profits. 
The supplier S2 obtained higher total profits than the 
supplier S1, since the supplier S2 was able to find 
profitable orders by using two schedulers. 
4.1.2. Evaluation of distributed parallel scheduling 
Secondly, some experiments were carried out for the 
evaluation of distributed parallel scheduling. There are 
two suppliers and a client on a two-layered dynamic 
supply chain. The supplier S2 has two schedulers on a 
single computer. The supplier S3 has two schedulers 
implemented on two networked computers, respectively. 
The supplier S3 can carry out two scheduling processes 
on the different computers at the same time.  
Figure 1(b) summarizes the total profits of the 
suppliers in five experiments. Experimental conditions 
were same as the conditions described in the previous 
experiments. The experimental results show that the 
supplier S3 is superior to the supplier S2 from the 
viewpoint of the total profit. The supplier S3 entered into 
more contracts than the supplier S2 and the supplier S3 
obtained every order with a higher profit, since the 
supplier S3 generated more suitable production schedules 
by using two networked computers than the supplier S2. 
4.2. Comparison with rule-based methods 
Some experiments were carried out on a two-layered 
model consisting of two suppliers and one client, in 
order to compare the scheduling-based method with the 
rule-based methods. The supplier S3 with the scheduling-
based method having two schedulers on two distributed 
computers competed with other suppliers S4, S5, and S6 
with the rule-based methods using the equalization of 
total processing time, the largest estimated slack time, 
and the largest estimated profits, respectively. Initial 
conditions were same as the conditions described in 
Section 4.1. The client continuously sent 80 new orders 
to both the suppliers, and negotiated with the suppliers. 
4.2.1. Comparison with equalization of total processing 
times 
Firstly, the supplier S3 with the distributed parallel 
scheduling method was compared with the supplier S4 
with the rule-based method using the equalization of 
total processing time. Through five cases of experiments, 
the supplier S3 obtained about 12 % higher total profits 
in average than the supplier S4. According to a typical 
experimental result, the supplier S4 entered into about 
13 % less contracts in average than the supplier S3, since 
the supplier S4 was not able to select suitable orders from 
the viewpoints of a slack time and a margin of profit. 
4.2.2. Comparison with largest estimated slack times 
Secondly, the supplier S3 was compared with the 
supplier S5 which applied the rule of the largest 
estimated slack times. Through five cases of experiments, 
the supplier S3 obtained about 12 % higher total profits 
in average than the supplier S5. According to a typical 
experimental result, the supplier S5 entered into about 
28 % less contracts in average than the supplier S3, since 
the supplier S5 was not able to consider the working ratio 
of each manufacturing resource. 
4.2.3. Comparison with largest estimated profits 
Thirdly, the supplier S3 was compared with the 
supplier S6 which applied the rule of the largest 
estimated profits. Through five cases of experiments, the 
supplier S3 obtained about 8 % higher total profits in 
average than the supplier S6. According to a typical 
experimental result, the supplier S3 obtained about 22 % 
more orders with not only higher profits but also lower 
profits than the supplier S6, since the supplier S3 was 
able to select suitable orders for the production schedule. 
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Fig. 1. (a) Results of S1 and S2 ; (b) Results of S2 and S3 
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4.3. Evaluation in multi-layered supply chains 
Experiments were carried out on a three-layered 
model, in order to evaluate the effectiveness of the 
parallel scheduling method in the multi-layered dynamic 
supply chains. The three-layered model consists of two 
suppliers, two manufacturers, and a client, as shown in 
Figure 2. Both the suppliers include two schedulers on 
distributed computers. In the initial conditions, each 
supplier had same job-shop type production schedule 
consisting of 5 manufacturing resources and 20 
contracted orders, and each manufacturer had same job-
shop type production schedule consisting of 10 
manufacturing resources and 20 contracted orders. The 
client continuously generated and sent new orders to 
both the manufacturers.  
Two kinds of experiments were carried out. In the 
case where both the manufacturers provided same 
rewards for products, experiments were carried out ten 
times on the same experimental conditions. Table 1 
summarizes the average number of contracts and the 
average values of total profits of the manufacturers and 
the suppliers. Both the manufacturers and the suppliers 
equally distributed the orders and the total profits 
independently. In the case where the rewards determined 
by the manufacturer M1 were 50 % higher than the ones 
determined by the manufacturer M2, experiments were 
carried out ten times. The experimental results were 
summarized in Table 2. The manufacturer M1 entered 
into about 35 % less contracts and obtained about 20 % 
less total profits than the manufacturer M2. However 
both the suppliers equally distributed the orders and the 
total profits. It means that both the suppliers can change 
business partners in consideration of conditions of the 
supply chains for profitable orders. 
5. Conclusion 
This research proposed an effective order selection 
method for suppliers to find a suitable order in a number 
of orders sent from the lower-layer organizations. This 
paper considered the following two methods; those were 
a rule-based method and a parallel scheduling method. A 
prototype of simulation system has been developed for 
the two-layered and the three-layered dynamic supply 
chains. Computational experiments verified the 
effectiveness of the parallel scheduling method for order 
selection from the viewpoint of total profit of suppliers.  
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Fig. 2. Simulation system for three-layered model  
Table 1. Experimental results with same rewards for manufacturers 
 
Manufacturer Supplier 
M1 M2 S1 S2 
Number of contracts [av.] 41.0 42.0 40.7 42.3 
Total profit [av.] ( x 103 $) 277.9 275.6 90.3 87.4 
Table 2. Experimental results with different rewards for manufacturers 
 
Manufacturer Supplier 
M1 M2 S1 S2 
Number of contracts [av.] 28.6 43.9 35.8 36.7 
Total profit [av.] ( x 103 $) 243.8 303.3 83.5 84.0 
